1. Introduction {#s0005}
===============

The term impacted tooth defines a tooth's failure to erupt within the expected amount of time into the dental arch unless intervened with treatment ([@b0120]). Failure to erupt, followed by impaction is a common dental anomaly ([@b0010], [@b0040], [@b0060], [@b0075], [@b0105]). Interestingly, the incidence of impacted teeth differs across different populations and ethnic groups ([@b0045]). This failure of the eruption could be due to many systemic and local factors, such as cleidocranial dysplasia, Down's syndrome, and arch-length deficiency ([@b0080]). There is a correlation between the development of pericoronitis, cystic lesions, and caries with impacted teeth ([@b0015]). Moreover, third molars have been found to be the most commonly impacted teeth in the oral cavity ([@b0040], [@b0105]).

In the Pell & Gregory classification system, third molar impaction is classified according to its depth level in relation to the occlusal surface of the second molar vertically, and the relation of the impaction to the body of the Ramus horizontally ([@b0140]). As for angulation, third molar impaction was classified by the Winter's classification system in 1926 ([@b0175]).

In Saudi Arabia, the latest assessment of third molar impactions was published more than 30 years ago ([@b0070]) However, recently there have not been any articles that discuss this matter, and none which target the central area of Saudi Arabia. This study aims to record the current occurrence pattern of third molar impactions and the relevant extraction reasons in a sample living in Riyadh, Saudi Arabia

We hypothesize that the principal reason for extraction is elective. The results of this study can help to achieve more relevant information, of many factors, such as gender, age, systemic disease, number of areas and angulation, and pathological occurrence.

2. Materials and methods {#s0010}
========================

In this study, retrospective data were collected on 4000 patients between the ages of 21 and 50 years old who visited the Riyadh Elm University dental clinics between the years of 2015--2017 and had an electronic record. Of the 4000 patients screened, 1014 were included in the study as they had at least 1 impacted third molar. (514 females, 500 males). The data were collected from all branches of Riyadh Elm University which are located in three different districts in Riyadh city.

The estimated eruption time of third molars ranges between the ages of 17 and 21 years old. Since our study targets impacted third molars, patients less than 21 years old were excluded from this study. Other exclusion criteria included syndromes (such as Down's syndrome), if they had received orthodontic treatment, had craniofacial anomalies, incomplete root formation of the third molars, or were higher than ASA III under the Society of Anesthesiologists (ASA) classification. Data was collected by examining the patients' Orthopantomograms (OPG) radiographs and accessing their electronic files which included the details of each procedure and electronic referral forms, which includes the referral reasons. As these OPG radiographs were taken with routine documentation during treatment, no consent form was required. Approval was given to conduct this study from the Riyadh Elm University Institutional Review Board. Patients were also interviewed over the phone for further confirmation regarding their referral/extraction reason and diagnosis.

The reason for extraction was classified as either symptomatic or asymptomatic. Symptomatic third molars were considered to be those that triggered pain or impaired mastication and/or were associated with a cyst or tumor lesions.

The angle was assessed using the Winter Classification, which measures the angle formed between the long axis of the third molar and the second molar, relatively with an orthodontic protractor ([Fig. 1](#f0005){ref-type="fig"}a). The impaction was classified using the Pell & Gregory Classification system for the depth of the third molar's cementoenamel junction (CEJ) level in the alveolar bone compared to the second molar ([Fig. 1](#f0005){ref-type="fig"}b). and to classify the impaction in relation to the anterior border of the Ramus ([Fig. 1](#f0005){ref-type="fig"}c).Fig. 1(a) The Winter classification for impacted third molar angulation. (b) The Pell and Gregory Classification of impacted third molar depth in relation to the cementoenamel junction of the second molar. (c) The Pell and Gregory Classification of impacted third molars in relation to the anterior border of the Ramus.

The analysis was done using the chi-square (χ^2^) test, with SPSS version 25 (IBM, Inc, Chicago, IL). A *p*-value of \< 0.05 was considered statistically significant.

3. Results {#s0015}
==========

Of the 4000 samples reviewed, a total of 1014 patients were found to have 3840 third molars. Of these, 1600 were erupted 41.6% and 2240 were impacted 58.3%. (514 females and 500 males).

The distribution of the impaction between the two genders was almost equal, with 50.7% being females and 49.3% males. The average age was 30.67 ± 8.98 years (*p* = 0.007). The majority of participants were classified as ASA I (97.8%). Patients more commonly had 2 impacted third molars (35.3%), with the least common being 3 impacted molars (15%, *p* = 0.00) ([Table 1](#t0005){ref-type="table"}).Table 1Distribution by the number of impaction.Number of ImpactionN (%)1313 (30.9)2358 (35.3)3152 (15.0)4191 (18.8)Total1014 (1 0 0)Asymp. sig. (2-tailed)[\*](#tblfn1){ref-type="table-fn"} = 0.000[^1]

Also, ([Table 2](#t0010){ref-type="table"}) displays the distribution of the impaction per tooth in regards to the upper and lower jaw. The majority were found in the mandible (58.5%), with less in the maxilla 41.5% (*p* = 0.018). There was statistical significance between prevalence in the right (59.9%) and left sides (40.1%, *p* = 0.000).Table 2Distribution of impacted teeth in terms of arch location and gender.Gender N (%)Maxilla N (%)Mandible N (%)Total N (%)Male500 (49.3)399 (38.6)634 (61.4)1207 (100)Female514 (50.7)530 (43.9)677 (56.1)1033 (100)Total1014 (1 0 0)929 (41.5)1311 (58.5)2240 (100)Asymp. sig. (2-tailed)[\*](#tblfn2){ref-type="table-fn"} = 0.011[^2]

Patients were contacted and asked as to whether they had extracted their impacted teeth and their files were checked for their referral status. From this, 73.2% of patients were not referred for extraction, while 26.8% were. Furthermore, almost all patients that were referred for an extraction have extracted their teeth (91.9%, *p* = 0.000).

[Fig. 2](#f0010){ref-type="fig"} demonstrates the given extraction reasons from patients. Of these, "asymptomatic; prophylactic indication" was the most common reason at 66.8%, followed by "symptomatic" at 33.2%. On the contrary, 98.8% of those who had not undergone an extraction had "Not indicated" as the main reason for retaining the impacted third molar ([Fig. 3](#f0015){ref-type="fig"}).Fig. 2Patients\' responses to the reason for extraction.Fig. 3The given reasons for retaining the third molars.

The angulation of impaction was also evaluated ([Table 3](#t0015){ref-type="table"}). Vertical angulation was most frequently found in the maxilla (56.5%), which was followed by disto-angular (31.9%). In the mandible, the most common angulation was mesioangular (40.5%), which was followed by vertical angulation (32.0%, *p* = 0.000).Table 3Distribution of impacted teeth in term of angulation.Angle Classification (Winter's) N (%)LocationVerticalMesio-angularHorizontalDisto-angularBuccolingualInvertedTotalMaxilla525 (56.5)75 (8.1)9 (1.0)296 (31.9)20 (2.2)4 (0.4)929 (100)Mandible420 (32.0)531 (40.5)302 (23.0)41 (3.1)11 (0.8)6 (0.5)1311 (100)Total945 (42.2)606 (27.1)311 (13.9)337 (15.0)31 (1.4)10 (0.4)2240 (100)Asymp. sig. (2-tailed)[\*](#tblfn3){ref-type="table-fn"} = 0.000[^3]

The different impaction levels are displayed in ([Table 4](#t0020){ref-type="table"}) according to the Pell & Gregory classification. The C level impaction depth was found to be most prevalent in both the mandible and maxilla with 57.3% (*p* = 0.000). The Ramus relationship classification showed that 66.7% had a class I relationship in both the right and left side of the mandible. (*p* = 0.011).Table 4Distribution of impaction in term of depth, mandible ramus relationship.Impaction Depth (Pell & Gregory) N (%)LocationLevel ALevel BLevel CTotalMaxilla19 (2.0)333 (35.8)577 (62.1)929 (100)Mandible270 (20.6)334 (25.5)707 (53.9)1311 (100)Total289 (12.9)667 (29.8)1284 (57.3)2240 (100)Asymp. sig. (2-tailed)[\*](#tblfn4){ref-type="table-fn"} = 0.000Class IClass IIClass IIITotalMandible874 (66.7)359 (27.4)78 (5.9)1311 (100)Asymp. sig. (2-tailed)[\*](#tblfn4){ref-type="table-fn"} = 0.011[^4]

The type of impaction was assessed. This included whether it was fully or only partially impacted and whether the type of overlying tissue was a soft tissue or bony impaction ([Table 5](#t0025){ref-type="table"}). In both jaws full impaction was more prevalent (78.1%) as was completely bony (68.8%, *p* = 0.000).Table 5Distribution of impaction in terms of type and overlying tissue.Impaction Type N (%)LocationFully ImpactedPartially ImpactedTotalMaxilla887 (95.5)42 (4.5)929 (100)Mandible862 (65.8)449 (34.2)1311 (100)Total1749 (78.1)491 (21.9)2240 (100)Asymp. sig. (2-tailed)[\*](#tblfn5){ref-type="table-fn"} = 0.000LocationBonySoft TissueTotalMaxilla603 (64.9)326 (35.1)929 (100)Mandible939 (71.6)372 (28.4)1311 (100)Total1542 (68.8)698 (31.2)2240 (100)Asymp. sig. (2-tailed)[\*](#tblfn5){ref-type="table-fn"} = 0.000[^5]

When evaluating the OPGs for the pathological involvement of an impacted third molar, only 25 patients out of 1014 were found to be associated with a pathological lesion (cyst).

4. Discussion {#s0020}
=============

In a large sample of the population, the chances of finding one or more impacted third molar is quite high. According to Othman R et al., third molars are the most common impacted teeth to be found in humans and their surgical extraction is one of the most common dentoalveolar surgical procedures in the oral maxillofacial surgical field ([@b0150]). Multiple factors could be responsible for its etiology ([@b0110], [@b0170]) Therefore, understanding its pattern in various communities is very important ([@b0100]).

When evaluating an impacted third molar radiographically, the angulation of the molar should be determined according to the Winter's classification ([@b0175]). As well as the depth level in the bone, the relationship of the tooth to the Ramus of the mandible, and the second molar, should be included according to the Pell and Gregory Classification ([@b0140], [@b0035]).

Other measures were taken in assessing the impaction, such as the association of pathological lesions (cysts, tumor) around the impacted tooth. The normal pericoronal dental follicle is considered to be 2--3 mm radiographically. The evidence of radiolucency around the crown of an unerupted tooth ≥ 5 mm in size is highly suggestive of a dentigerous cyst or odontogenic tumor ([@b0115], [@b0175]).

Previously, the prevalence of third molar impactions and its pattern have been studied in different parts of the world by different authors like, ([@b0070]) in Saudi Arabia, ([@b0100]) in India, ([@b0025]) in Iran, and many other countries ([@b0020], [@b0005], [@b0015], [@b0180]). The pattern and prevalence have also been studied in different areas located in Saudi Arabia ([@b0055], [@b0070], [@b0080], [@b0170]).

Our study targets the incidence of impacted teeth in a sample living in the central part of Saudi Arabia. The percentage of impaction found in our sample was 58.3% which is higher than 31.9% that was found by [@b0070]) and a study in India ([@b0100]). These differences could be due to the sample size.

The mean age, when diagnosed, was 30.67 ± 8.98 years, although it has been shown to slightly differ from 23.25 ± 4.17 years ([@b0025]) and 28.11 ± 7.25 years ([@b0080]).

The impaction incidence between the two genders was found to be almost equal (50.7% females and 49.3% males). This finding agrees with studies done by [@b0070]), [@b0080]), and disagreed with ([@b0145], [@b0170]) who reported that males were more likely to have impacted teeth. This result could be due to the different growth patterns between the two genders. Females jaw growth, for the most part, ends by the time the third molar erupts. Nevertheless, the jaw growth in males sustains during the eruption of the third molar, giving adequate space for the third molar to erupt ([@b0025], [@b0040])

Having at least 1 impacted third molar was the most commonly found in previous studies concluded by [@b0025]), [@b0080]). This is in disagreement with our study, which found that having at least 2 impacted third molars, 35.5% was the most common result. This is likely due to the mean age being higher in our study compared to the studies mentioned above.

Furthermore, when comparing the distribution of impaction between the two jaws, our study showed this was higher in the lower jaw (58.5%) than in the upper jaw (41.5%). This finding is in agreement with ([@b0035], [@b0100]) who noted that impaction is 1.33 more likely to happen in the mandible than the maxilla. However, it was the opposite of one study that was conducted by [@b0085]) who found impaction to be 54% higher in the maxilla.

We found statistical significance between the two sides having the right side more common with 59.9% (*p* = 0.018), which was found in a previous study as insignificant ([@b0095]).

[@b0165]) mentioned that practitioners should be extracting impacted third molars when they cause a considerable amount of pain, infection, caries, affect the adjacent second molar or interfere with prosthetic or orthodontic treatments. Also, there are guidelines regarding the indications for impacted third molar extractions set by the National Institute for Clinical Excellence ([@b0125]). However, evidence to support whether to extract or retain asymptomatic, disease-free impacted third molars is lacking. Many studies have debated whether the extraction of asymptomatic impacted third molars is necessary ([@b0030], [@b0165]).

Previous studies gave the main reason for extraction as pericoronitis, such as ([@b0065], [@b0130]). In Nordenram et al., 60% were diagnosed with pericoronitis and 4.5% had cysts related to the impaction.

Taking that into consideration, our study focused on the extraction reason and whether patients were referred for an elective reason or an extraction was required. Our results show that 73.2% of our sample was not referred on as 98.8% of them were not indicated for an extraction. Nevertheless, patients who were referred for extraction had 'Asymptomatic; Prophylactic indication' as the most prevalent reason (66.8%), which was followed by 'Symptomatic' (33.2%).

Additionally, a number of studies observed that vertical angulation is most common in both the maxilla and the mandible ([@b0035], [@b0160]). While others reported that mesioangular impaction was the most common pattern of angulation in both jaws ([@b0025]). However, in this present study vertical angulation was found to be most common in the maxilla (56.5%) and mesioangular impaction was most common in mandibular impaction (40.5%). These results agree with a previous study done in the western region of Saudi Arabia by [@b0080]) and ([@b0095]) in Thailand. Meanwhile, [@b0025]) found that mesioangular impaction was the most common in the mandible, but that disto-angular impaction was more common in the maxilla.

According to the Pell and Gregory classification, the most recurrent depth level in our study was level C in both jaws (57.3%). Other studies showed level B to be more prevalent [@b0080]), [@b0095]). Furthermore, multiple studies noted class II Ramus classification was the most common ([@b0055], [@b0095]). However, in our study, only class I (66.7%) was statistically significant (*p* = 0.008).

Third molar impaction can be classified into; (1) partial impaction, where the crown penetrates the mucosa and is partially visible; (2) full impaction, where the tooth is not visible in the oral mucosa. An impacted third molar that is fully enclosed in the jaw's bone is considered a bony impaction. A soft tissue impaction is considered when the crown of the impacted molar has penetrated the bone but is enclosed in soft tissue ([@b0090]). The majority of impaction classified in our study, according to the main overlying tissue, was found to be bony and fully impacted 78.1%, 68.8%, respectively ([@b0050]). observed that this was the most common surgical extraction.

Odontogenic cysts and tumors (\>3 mm width) associated with impactions have been observed in multiple studies even though they are quite rare ([@b0135], [@b0155], [@b0165]). 2.5% of patients in our study were found to have some pathological association with their third molar. Of the patients with such pathological changes, 94.4% of them were referred to a surgeon, and their molars extracted.

We recommend further studies should be conducted with the wider Kingdom of Saudi Arabia so that the population can be more accurately represented. Additionally, all dentists should refer back to evidence-based guidelines before referring patients for an extraction.

5. Conclusion {#s0025}
=============

(1)There is a high rate of third molar impactions in the central region of Saudi Arabia. These are more likely to be in the mandible than the maxilla with no gender predilection.(2)The majority of patients were referred for elective asymptomatic reasons.(3)Mesio-angular impaction is mostly found in the mandible and vertical angulation in the maxilla.(4)Both arches had a C level depth and Class I Ramus relationship.
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